the urinary isomer distribution (ratio of types I and III) in these conditions. Dobriner made several important observations in cases of catarrhal jaundice, obstructive jaundice, and cirrhosis of the liver, to which reference will be made again, in this and subsequent papers of this series. Studies of isomer distribution have been generally discouraged, however, by the lack of a method of isomer analysis applicable to small volumes of urine, and as a corollary of this, the lack of exact knowledge of the isomer distribution in normal urine. In previous papers a suitable method has been described (12, 13) and in paper I of this series (14) the results of the application of this method to normal urine have been given. The purpose of the present investigation was to determine the total urinary coproporphyrin (UCP) as well as the isomer distribution in 24-hour samples from cases of infectious hepatitis at various stages of the disease, and also, for purposes of comparison, from cases of infectious mononucleosis and of mechanical jaundice, the latter term being used to designate jaundice due to extrahepatic biliary obstruction, or obstruction of the main hepatic ducts in the liver. It was also desired to assay the value of the UCP determination, relative to other methods of studying liver function, as an indication of residual hepatic functional impairment in cases of hepatitis at various periods after the disappearance of jaundice.
MATERIAL AND METHODS
The method of Schwartz and associates (13) was used to determine the UCP and the isomer distribution. Recent evidence indicates that the true value for the UCP is approximately 20 per cent higher than that obtained with this technique. Nevertheless, all of the data given in the following may be compared directly with the normal data given in paper I (14) .
The fractional serum bilirubin was determined according to the modification of the Malloy-Evelyn method described by Ducci and Watson (15) . The bromsulfalein retention in the blood was determined according to Mateer (16) , 45 minutes after injection of 5 mg. of the dye per kilo of body weight. The cephalin cholesterol flocculation test was performed according to Hanger (17) . Cholesterol and cholesterol esters were determined by the method of Sperry and Schoenheimer (18) . In some instances the urine urobilinogen was determined in 24-hour urine samples (19) ; in others the quantitative urine Ehrlich reaction (20, 21) was carried out on individual or two-hour samples. The number of coproporphyrin determinations and the cases which were studied are given in Table I .
As noted in Table I , the determinations were often repeated, either with relation to stage of the disease or fluctuation of the jaundice, or in some instances within a brief interval, for purposes of corroboration. The majority of determinations in the infectious hepatitis group were in the period after the disappearance of jaundice.
RESULTS
The data obtained in the five groups of cases (as noted in Table I), are given in Tables II-VI, In Figure 1 , the values for UCP in the cases of hepatitis are plotted with relation to the duration of jaundice or the interval from the disappearance of jaundice. This figure includes all of the determinations in all cases in which there had been jaundice. As a matter of fact., the present mate-625 Downloaded from http://www.jci.org on October 28, 2017. https://doi.org/10.1172/JCI102112 Table II ). The upper limit of normal of 100y, as indicated in Figure 1 , was established with relation to the value of "the mean plus two'standard deviations, or 97.y. One instance of the 53 in the normal group was above this value, with 99y (see paper I of this series [14] ).
As shown in Figure 1 and Table II ,'a number of the cases of hepatitis were first seen in a late stage of the disease, weeks or months after the During the last four months he felt fairly well and had resumed his work, but was bothered by persistent discomfort and tenderness in the right upper abdomen. Examination revealed an enlarged tender liver and a palpable spleen. Routine laboratory studies were normal. As seen in Table II , the fractional serum bilirubin, thymol turbidity, cephalin cholesterol flocculation, bromsulfalein, cholesterol and ester percentage, were all within normal limits. The serum proteins, hippuric acid synthesis, and prothrombin time were also normal. The urine Ehrlich test on individual samples was normal, but the 24-hour urine urobilinogen was 10.4 mg., in other words, considerably elevated. The UCP was markedly increased, usually above 200y/24 hours (see Table II ). The liver biopsy revealed evidence of an active hepatitis, i.e., small foci of cellular exudate with occasional necrosis, but no fibrosis.
2. Case 49, V. A., male, 41, illustrator. This case is presented in more detail because of the unusually favorable opportunity for study that was presented during the latter weeks of a prolonged "catarrhal" jaundice or sporadic infectious hepatitis. Following is a brief summary of the salient clinical features:
The first day of observation, Figure 2 , was February 24, 1947 . At this time the patient had been jaundiced for two months. On December 7, 1946 , he experienced an acute attack of diarrhea, nausea and vomiting, of 12 hours' duration. He recovered and felt quite well, but on December 26, he noted fever, malaise, and pain in the muscles. His urine became dark, and he consulted a physician who made a diagnosis of infectious jaundice. When first seen at the University Hospital the liver was moderately enlarged and tender. Within three weeks the-tenderness had disappeared and the jaundice had markedly diminished. The liver was still palpable. By April 8, the jaundice had disappeared though the serum bilirubin was still distinctly elevated. Although the patient's appetite had returned, a moderate lassitude persisted throughout the summer. He did not have energy enough to play golf which he ordinarily enjoyed. By November of 1947, however, he believed that he had regained an entirely normal status. As noted in Figure 2 , the results of the liver function studies, except the UCP, were normal by the 65th day of observation (corresponding to April 30, 1947). The UCP, however, remained considerably elevated, the value on the 171st day (August 14, 1947) , being 253. Later determinations have continued to show abnormally high values, as seen in Table VII . The patient feels quite well (December 15, 1948) but has now developed a number of small spider nevi over the neck, upper chest, and hands. The liver is palpable at the costal margin, not tender.
The total coproporphyrin values together with the percentage and actual amount of each isomer as determined in 46 cases of infectious hepatitis, are given in Table III . Similar data for the infectious mononucleosis group are shown in Table  IV . In Figure 3, The present results reveal that the urinary and increasing its excretion in the urine. The coproporphyrin is quite uniformly increased in re-amounts in the urine in these cases do not exceed gurgitation jaundice, whether due to biliary ob-those of the normal feces in 24 hours. Thus the struction or to parenchymal hepatic disease. Fur-evidence so far available indicates simple diversion ther study is necessary to determine if this is due rather than over-production, at least in the majority only to regurgitation of bile into the blood stream, of cases in which type I is preponderant in the or to hepatocellular functional impairment, or to urine. This may be true as well for other cona combination. The persistent and often marked ditions in which increased amounts of coproporphyelevation of the urinary coproporphyrin long after rin I are found in the urine. Simultaneous studies the disappearance of jaundice points toward an of fecal and urinary excretion are needed, howhepatocellular or retention, rather than a cholangi-ever, before the question can be answered with olar or regurgitation factor. The elevated values certainty. The available evidence at the present in obstructive jaundice, however, are perhaps in-time (4, 5) indicates that there are but two condicative of the latter, particularly inasmuch as they ditions under which an overproduction of the type were observed in relatively early cases before one I isomer may be anticipated: (1) porphyria, a would anticipate significant hepatocellular func-constitutional metabolic fault; (2) increased erythtional impairment. Van den Bergh (23) was im-ropoietic activity following increased blood destrucpressed by the coproporphyrinemia and increased tion or blood loss. In the case of the type III coproporphyrinuria in mechanical jaundice, and as-isomer, it is clear that there is often marked overcribed them to regurgitation of bile into the blood. production and increased excretion from various Gonzalez-Oddone, working in this laboratory, has causes (5). observed 6that intravenously injected coproporphy-It appears unlikely that a determination of the rin appears in the thoracic duct lymph of dogs total urinary coproporphyrin will frequently be having lighted common bile ducts, in this respect of value in the distinction of parenchymal jaundice behaving like injected bromsulfalein (24) . Thus from jaundice due to extrahepatic biliary obstrucit appears that, in cases of jaundice, the copro-tion. Careful study of the data obtained in the porphyrin may appear in the urine in excess as a present study reveals considerable overlapping of result either of hepatocellular or cholangiolar im-values at various levels of icterus due to biliary obpairment, in the first instance probably being re-struction as compared with diffuse liver injury. tained and in the second, regurgitated from the in-In Figure 4 the values for UCP in the cancerous, trahepatic biliary system into the blood. The fact calculous, and hepatitis-cirrhosis groups are plotted that the highest values are more likely to be en-against the values for total bilirubin. The data countered in jaundice due to hepatitis or cirrhosis for the cases of cirrhosis included in this figure may indicate a combination of these factors in such are considered in more detail in the subsequent cases. This is quite in harmony with the belief paper of this series. It is seen in Figure 4 that that in hepatitis, there is both hepatocellular and while there is no distinct cleavage between the cholangiolar injury, varying in severity in dif-hepatitis-cirrhosis and the other groups, the higher ferent instances and at different stages in the same values with lesser degrees of jaundice are more instance (25) Figure 4 , are much more likely to be associated with hepatitis or cirrhosis, than with extrahepatic biliary obstruction.
Insofar as hepatitis is concerned, the determination of the UCP is of more value in detecting residual hepatic functional impairment at varying intervals after the disappearance of jaundice. In the present series 45 of 95 cases exhibited elevated values at varying intervals after disappearance of jaundice.
In Table VIII , the cases for which data were given in Table II From the present results it is evident that the increase in UCP in hepatitis and mechanical jaundice is due in the main to increased excretion of the type I isomer. Inspection of the data in Tables  III, IV , V and VI, reveals, however, that in some instances the amount of type III isomer exceeds the normal upper limit of 34 y/24 hours reported previously (14) . In the hepatitis and infectious mononucleosis groups there are few of these and the excess is slight, probably within the limit of error of the differential precipitation method (12, 13) . The two outstanding exceptions were cases in the calculous group which have already been referred to; one of these had a necrotic abscess with marked splenomegaly, and the other had miliary tuberculosis. In one additional instance (Case 13 in Table VI ) an unexplained absolute increase of type III coproporphyrin is noted, comprising, however, but 17-18 per cent of the total UCP. In the cancer group, there are quite a number of cases having considerable excesses of type III isomer even though type I is clearly preponderant in each instance. Frequency distribution curves for the three groups are shown in Figure 5 . Several cases, already discussed, have been omitted in the preparation of this figure, because of significant peculiarities believed to place them in separate categories. These cases are numbers, 51 in Table  II, 2 and 12 in Table VI . Figure 5 reveals the relative frequency of increased coproporphyrin III excretion in the cancer group. Nineteen of 39 cases in this group had values above 50 pg. in 24 hours, while all of the 40 in the hepatitis group were below this level. Thus it is evident that the patients with cancer of the biliary tract or liver vary significantly in the composite, from the other groups, and especially from the hepatitis group, in respect to porphyrin metabolism. It appears that an absolute increase of the type III isomer greater than 50 y/24-hour urine sample, favors the diagnosis of cancer rather than hepatitis, and is much more likely to be encountered with cancer than with calculus, in the presence of regurgitation: jaundice. The reason for this difference is not clear, but the possibility may be entertained of an endogenous chemical intoxication, from necrotic or abnormal cells. It is recognized too, that a constitutional factor cannot be excluded.
SUMMARY AND CONCLUSIONS 1. The total urinary coproporphyrin (UCP) is regularly increased above the upper limit of normal of 100 y/24-hour urine sample, both in infectious hepatitis during the period of jaundice, and in cases of mechanical jaundice. The increase in cases of hepatitis often persists in some measure for considerable periods after the disappearance of jaundice and after the return to the normal range of conventional tests such as bromsulfalein retention and cephalin cholesterol flocculation. In certain instances the increase of the UCP has constituted the only objective evidence of residual hepatic functional impairment.
2. In cases of infectious mononucleosis the UCP is commonly increased, usually in association with other evidence of hepatic functional impairment.
3. Isomer analysis has shown that the increase in UCP in infectious hepatitis, infectious mononucleosis, and mechanical jaundice, is mainly due to the type I isomer. Certain exceptions are discussed and it is shown that in cases of cancer of the pancreas, bile ducts, or liver, the increased UCP, although preponderantly type I, includes an absolute increase of type III with relative frequency. This has not been observed to any significant degree in cases of infectious hepatitis, infectious mononucleosis, or uncomplicated calculous jaundice.
